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Abstract

In recent years, the exploitation of marine aggregates is increasing. In Belgium coastal waters, especially the Kwinte
Bank is under severe pressure. During the last decade, a “depression” of 5 m developed, due to extraction of sand.
Norro et al. (2003; 20086; 2009) and Norro and Ozer (2006) showed that during the period 1991-1998 the volume of
the sand bank decreased significantly. In the present paper, the influence of these bathymetric changes on the
sedimentation and deposition patterns are studied by numerical modelling, to obtain a first impression of the ability of

the sand bank to recuperate from this sand extraction.

A three-dimensional hydrodynamic model, a wave model and a local total load sediment transport model are
presented, which are used to investigate the sedimentation and deposition patterns. The hydrodynamic model results
are validated using ADCP current data, showing that the model gives satisfactory results, while the wave model is
used for operational forecasts of the waves at the Belgian coast, thus being validated continuously. The sediment
transport model results are much more subject to uncertainties but the results are in general agreement with

observations.

The numerical model results show that apart from the extraction of marine aggregates, the Kwinte Bank also is
subject to a natural erosion of the top of the sand bank. The predicted erosion of the sand bank is of the same order
of magnitude as the difference between the calculated volumetric decrease of the top of the sand bank and the
estimated amount of extracted aggregates. This natural erosion of the Flemish sand banks was also found by De
Moor (2002).

The study therefore seems to confirm that the sand bank is not recuperating from the extraction of sand, but that by
natural processes, the sand bank is further being eroded. This clearly raises the question of the sustainability with
regard to the extraction of marine aggregates and suggests that the authority should define maximum exploitable

quota preventing any irreversible damage.
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1. Introduction

The demand for marine sand in Europe is increasing. under the Belgian jurisdiction has almost quadrupled
In 2004, Europe produced around 53 million m® sand to almost 3 million ton (or 1.9 million m®) each year.
and gravel of marine origin (ICES, 2005). Since Most of the extraction is executed in two large
1980, the winning of marine aggregates in water exploitation zones, the first one around the Thornton
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Bank and the Goote Bank, the second one around
the Kwinte Bank, Buitenratel and Oostdyck (Figure
1). Until recently, more than 80% of the extraction
took place on the Kwinte Bank, especially a small
part in the Northwest and central part of the
sandbank was used. This has resulted in the
formation of a depression lying about 5 m below the
original sea floor, about 700 m wide and 1 km long,
the so-called Central Depression (Degrendele et al,

2002).

The effects of the extraction of marine aggregates
are not fully known. The extraction has changed the
form, the volume and the height of the sand bank
significantly. This altered morphology, however, can
also have influences on current and wave patterns in
the coastal waters, with possible implications on,
e.g., the erosion of the coasts (Van Lancker et al,
2009b). Further also the biological impact of the
extraction of sand on the pelagic fauna is clear (Van
Lancker et al., 2009b). To permit the study of the
possible effects of extraction of the sand bank, the
depression zone was closed for exploitation by the
Government in February 2003, for at least six years.
The objective was to set up reliable practical criteria
for the maximum quantity of sand that can be
extracted without altering the long-term stability of the

bank.

Norro et al. (2006) and Norro and Ozer (2006) used
bathymetric profiles which were taken over the period
1988-1999 to study the volumetric decline in the
Kwinte Bank. They showed that there was a
significant decrease in the volume of the top of the
Kwinte Bank, which exceeded the estimated
exploited volume in the same period. The fact that
the estimated volumetric decline in the bank is larger
than the estimated workload raised the question
whether the activity on the sandbank has perturbated

the dynamic equilibrium of the bank.

In Van den Eynde et al. (2009) numerical models
were used to study the influence of the sand
extraction on the sand transport and the stability of
the sand bank. Three different scenarios were
investigated, related to the amount and intensity of
the dredging. The results show that the sand
extraction does not appear to affect the stability of

the bank.
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In this paper the question is addressed from a
different point of view. The numerical model for the
sand transport on the sand bank, which was set up in
Van den Eynde et al. (2009), is used on the different
bathymetries, which were constructed from the
bathymetric profiles. For each of the different
bathymetries, the erosion and deposition were
calculated and the evolution of the erosion and
deposition was followed. This temporal evolution
could again give an indication whether the dynamic

balance of the bank was disturbed.

The paper is organized as follows. In a first section,
the hydrodynamics and sedimentology of the Belgian
Continental Shelf (BCS) and more specifically the
Kwinte Bank are discussed. The numerical models
are briefly discussed in the next section. Some
results of the numerical models are compared with
measurements in the area. In the core of the paper,
the results of the numerical models for the different
bathymetries of the Kwinte Bank are discussed.

Some conclusions are formulated in the last section.

2. Hydrodynamics and sedimentology
of the Kwinte Bank

The Kwinte Bank is one of the Flemish Banks,
located in the southern Bight ofthe North Sea (Figure

1)-
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Figure 1: Location of the Kwinte Bank on the Belgian

Continental Shelf.

The bank is a tidal current ridge of the North Sea
Belgian coast and is oriented at a SW-NE direction.
The Kwinte Bank is characterized by a length of

about 15 km, with a width varying from 2 km in the

Paper 4



European Marine Sand and Gravei Group - a wave of opportunities for the marine aggregates industry

southern part to 1 km in the northern part (Figure 2).
The minimum water depth is close to 5 m. In the
northern part and the middle part of the sand bank,
large dunes are found, with a maximum amplitude of
about 6 m. On top of the sand dunes, mega ripples
are present. The cross-section of the bank is clearly
asymmetrical with the steeper side facing the

northwest.

Figure 2: Detailed bathymetry of the Kwinte Bank,
bathymetry Jun-1998. The dots indicate the area,
which is considered as the top of the bank, with a

depth less then 15 m below MLLWS.

The current ellipses in the Kwinte Bank region
(Figure 3) are typically varying depending on their
location, i.e., in the swale or on the sand bank. The
ellipses are more spherical on the sand banks than in

the deeper swales between the sand banks.
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Figure 3: Current ellipses on the Kwinte Bank.

In the swales, the major axes of the ellipses are
nearly in the same direction as the swale/sand bank
axis, whereas on the sand bank the major ellipse
axes are rotated clockwise compared to the bank

axis. The maximum currents are around 0.8 to 0.9
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m/s on the Kwinte Bank during spring tide and

around 0.4 to 0.5 m/s during neap tide.

The Kwinte Bank is characterized by fine to medium-
size sand (Figure 4). In the southern part of the bank,
sand is found with a median grain size D5 of 180 to
240 pm, while in the middle and the northern part of
the bank, coarser material can be found, with a

median grain size up to about 400 pm.

51.20

Figure 4: Median grain size of the Kwinte Bank.

3. Numerical models
3.1. Hydrodynamic model
The three-dimensional hydrodynamic model

COHERENS (Luyten et al, 1999) calculates the
currents and the water elevations under the influence
of the tides and the atmospheric conditions. This
model has been developed between 1990 and 1998
in the framework of the EU projects PROFILE,
NOMADS and COHERENS. The hydrodynamic
model solves the momentum equation, the continuity
equation and the equations of temperature and
salinity. The equations of momentum and continuity
are solved wusing the ‘mode-splitting’ technique.
COHERENS disposes of different turbulence
schemes, including the two equation k-e turbulence
model. A good description of turbulence is important

when simulating the vertical current profile.

The model is implemented on two model grids for the
BCS. The coarse grid model BCS has a resolution of
42.86” in longitude (817 - 833 m) and of 25” in
latitude (772 m). The resolution of the fine model
BCS-F is three times better. The extension of both
models is indicated in Figure 5. On the open sea
boundaries, the models are coupled with two regional

models. The CSM model comprises the Northwest
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European Continental Shelf and calculates the
boundary conditions for the North Sea model (NOS).
The NOS model generates the boundary conditions
for the BCS model. The CSM model runs in two
dimensions and is driven by the elevation atthe open
boundaries, governed by four semi-diurnal and four

diurnal harmonic constituents.

jostende
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Figure 5. Bathymetry of the Belgian coastal waters.
The large rectangle indicates the extension of the
coarse BCS model grid, the smaller rectangle the
extension of the fine BCS-F model grid. The smallest
rectangle indication of the location of the Kwinte
Bank and the extension of the grid where the Kwinte

Bank results are shown.

The BCS model was extensively validated using
about 400 hours of current profiles, which have been
collected in the Belgian coastal zone, using a bottom
mounted Acoustic Doppler Current Profiler (ADCP),
type  Sentinel 1200 kPlz  Workhouse from
RDInstruments (Pison and Ozer, 2003; Van Lancker
et al, 2004). Statistical calculations (root-mean-
square-error (RMSE), bias, correlation) have been
carried out in order to apprehend the differences in
norm and direction of the currents between model
simulation results and ADCP measurement data. The
RMSE of the amplitude of the currents is situated
between 0.05 and 0.15 m/s, except for one
campaign, while the error varies relative little with
depth. Concerning the current direction, an error
smaller than 10 % is found for most of the
campaigns. The validation exercise therefore leads to
the conclusion that the norm and the direction of the
current profiles are satisfactory represented by the

three-dimensional hydrodynamic model.

Two additional measuring campaigns with the ADCP
were executed on the Kwinte Bank itself. The

modelled and measured depth-averaged current
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velocity for the measuring campaign in March 2004 is
presented in Figure 6. The calculated RMSE s

7.2 cm/s.

coherens———
ADCP

Figure 6: Measured and modeled (BCS-F) depth-
averaged currents for a measuring campaign in

March 2004 at station 2°40.245" E, 51°18.151" N.

3.2. Wave model

The waves are calculated with the MU-WAVE model
(Van den Eynde, 1992). The core of the model is
formed by the second generation PIYPAS wave
model (Gunther and Rosenthal, 1985). This hybrid
model combines the independent calculation of swell
energy for each frequency and direction through a
ray technique, with a parametrical wind sea model,
using the JONSWAP parameters and the mean wind
sea direction as prognostic variables. For the current
application, the model is implemented on two nested
stereographical grids. The North Sea grid has a
resolution of 50 km x 50 km, whereas for the
Southern Bight a resolution of 5 km x 5 km is

implemented.

The MU-WAVE model has been tested extensively
and is used in operational mode for the prediction of
the waves at the BCS. Results of the first validation
were presented in Van den Eynde (1992). The RMSE
of the significant wave height on the BCS was 0.35
m, which gives a Scatter Index (ie., the ratio
between the RMSE and the mean of the significant
wave height) of 31.8 %. During later validations of the
MU-WAVE model the results were compared with
ERS-1 data, with buoy data and with results of the
third generation wave model WAM (Ovidio et al,
1994; Bidlot et al., 1995). For the entire North Sea, a
Scatter Index of 38 % was found for the significant
wave height results, while in the Southern North Sea,

the Scatter Index was 27 %. Taking into account the
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uncertainty in the wind field forecasts, these results

are very satisfactory.
3.3. Sediment transport model

The sediment ftransport model MU-SEDIM is
implemented on the same grid as the hydrodynamic
model and calculates the total load under the
influence of the local hydrodynamic conditions.
Although more complicated models are available in
literature, it was chosen to apply a simple total load
formulae to model the sediment transport, since it
was expected in this sandy environment that the
sediment transport will be mainly as bedload, where

an empirical formulae has to be used anyway.

From the different formulae available in literature, the
formulae of Ackers-White (1973) was chosen, which
gave the best results in a comparison, carried out by
Sleath (1984). The bottom stress, one of the most
important driving forces, is a function of the depth-
averaged current velocity and of the Nikuradse
bottom roughness. The bottom stress under the

influence of a turbulent current can be written as

2
7, = pK’ [lnskih—lj U*?

s

with p the density of water (kg/ms), K the von-Karman
constant equal to 0.4, h the water depth (m), ks the
Nikuradse bottom roughness (m) and U the depth-
averaged current velocity (m/s). For the calculation of
the Nikuradse bottom roughness ks a distinction has
to be made between the skin friction and the total
friction. The skin friction is the roughness felt by the
sediments at the bottom. In this model the expression
of Engelund and Hansen (1967) is used to calculate

the skin bottom roughness ks
k, =2.0D,

with Dgs the grain size for which 65 % of the material
has a smaller grain size (m). The total friction ks on
the other hand is the friction felt by the currents and
is also influenced by the bottom load and by the bed
forms. For the influence of the bottom load, the Grant
and Madsen (1982) model is used, which calculates
the bottom roughness under the influence of currents

and waves:
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with K a factor which accounts for the influence of the
currents or the waves, p, the density of the sediment
(kg/m?’), Cr a form factor equal to 0.5 for spherical
sediment particles, D5 the grain size for which 50 %
of the material has a smaller grain size (m), 6s the
Shields parameter for the bottom stress at the bottom
and 6. the critical Shields parameter for the start of
the bottom load transport. This Shields parameter is

defined as:

For the critical Shields parameter for the initiation of
the sediment transport, the curve of Shields (19386) is
used. When the bottom stress exceeds the critical
bottom stress for the initiation of transport, the total
bottom roughness is enhanced by the bottom
roughness induced by the bed load. The part of the
total bottom friction, induced by the bed forms, is
modelled using Grant and Madsen (1982): (1)

7
k,=277Tn—
s 771

with 7 the height of the bed form (m) and A the length
of the bed form (m). The height and length of the bed
forms are also calculated using empirical relations,
proposed by Grant and Madsen (1982).

Finally, the model calculates the evolution of the
bottom, using a continuity equation for the bottom
sediments (Djenidi and Ronday, 1992):

G o 2
P, (1-p) = +v0 =0 )
ot
with p the porosity, ¢ the position of the bottom in
1
reference to the original position and with VQ the

divergence of the sediment transport vector.

The MU-SEDIM model was already used with
success to model the sediment transport at the kink
of the Westhinder bank (Deleu et al, 2004) or to
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study the influence of the sand extraction on the sand
transport and the stability of the Kwinte Bank (Van
den Eynde et al, 2009). More information on the
numerical models used can be found in Van den
Eynde et al. (2009).

4. Modelling of the morphodynamic
changes of the Kwinte Bank for different

bathymetries

4.1. Evolution of the bathymetry

The main goal of the paper is to use the developed
numerical models to investigate the changes of the
morphodynamic evolution under the influence of the
changed bathymetry, due to sand and gravel
extraction. These changes in the bathymetry over the
last decade were studied in detail by Norro ef al
(2003; 20086; 2009) and Norro and Ozer (2006).

Since the early 1980s, the monitoring of the
bathymetric evolution of the Kwinte Bank was set up
on the initiative of the authorities in charge of
managing marine sand operations. Since 1988
sufficiently reliable single-beam sonar tracks were
taken along linear transects perpendicular to the
main axis of the Kwinte Bank. The quality of the data
and the number of errors inherent in the
measurements, including the tidal reduction and
heave compensation, were carefully examined by
Norro et al. (2003; 2006). Further, different profiles
were discarded as not-reliable, due to false vertical
registrations or badly navigated profiles. Norro ef al.
(2006) and Norro and Ozer (2006) used these
bathymetric profiles to study the volumetric decline in
the top of the Kwinte Bank. The top of the Kwinte
Bank hereby is defined as the part of the bank above
15 m below Mean Low Low Water Spring (MLLWS).
This level was used to allow a clear distinction
between the sand bank and the surrounding area.
The area of the top of the Kwinte Bank is presented
in Figure 2. This evaluation showed that the
volumetric decline of the top of the bank can be
estimated at around 1.5 % per year during the period
1988-1999.

When at least 16 full profiles were available for a
given cruise, a reconstruction of the bathymetry of
the full sand bank was prepared (Norro et al., 2003;
2009). A series of 13 Kwinte Bank bathymetries,

EMSAGG Conference, 7-8 May 2009
Frentani Conference Centre, Rome, ltaly

covering the period 1991-1998, could be
reconstructed. A table with the date of the campaigns
and the campaign tags, used to define the different
bathymetries, can be found in Table 1, together with

the calculated volume of the top of the sand bank.

The method used for reconstruction was Kriging
interpolation, a very flexible gridding method that
incorporates  anisotropy. Different  anisotropy
parameters were tested to obtain the most optimal
results. The result of the last bathymetry, which could
be reconstructed, was compared with the
bathymetry, measured during five bathymetric
surveys, executed by the Fund for Sand Extraction,
using a Kongsberg Simrad EM1002 multibeam
echosounder (Degrendele ef al, 2002). An mean
error of 0.20 m * 0.86 m was found. The differences
were mainly observed in the northern part of the
Kwinte Bank, characterised by the presence of
numerous sand dunes. More information on the
reconstruction of the different bathymetries and on
the digital terrain model that was used for this

purpose can be found in Norro ef al. (2003; 2009).

Using the three-dimensional reconstructed
bathymetries of the Kwinte Bank, the volumetric
decrease of the top of the bank (above 15 below
MLLWS) was estimated at around 1.36 million m® per
year. This is in the same order of magnitude but
higher than the estimated exploited volume in the
same period, which is estimated by Norro et al
(2003) and Norro and Ozer (2006) at 0.9 million m®

per year.

In Figure 7, the oldest bathymetry from campaign Jul-
1991 is presented. When comparing this bathymetry
with the most recent bathymetry from campaign Jun-
1998 (Figure 2), one clearly sees that the Kwinte
Bank was lowered over the years. The difference

between these bathymetries is more clearly shown in
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Figure 7: Detailed bathymetry of the Kwinte Bank,

bathymetry Jul-1991.

Figure 8. One can remark that in the northern part of
the Kwinte Bank, an area can be found, where the
bathymetry is getting shallower. This is probably
related to the presence and movements of the sand

dunes in the area.

Figure 8: Difference between the bathymetry Jun-
1998 and the bathymetry Jul-1991. The location of
the three profiles G18, G21 and HOO are indicated.

In Figure 9, the evolutions of three profiles over the
Kwinte Bank are presented. The locations of the
three profiles are indicated in Figure 8. Also here, the
general erosion of the bank can be observed. Over
the G18 and the HOO profiles, the lowering of the
sand bank is clearly visible. At the G21 profile, the
depression is apparent, which was caused by the

extraction of sand.
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Figure 9: Three transects over the Kwinte Bank.

4.2, Sediment

morphological evolution

transport and

For the thirteen different bathymetries, the
hydrodynamics and the sediment transport were
calculated. In this study, the emphasis is on the
influence of the different bathymetries on the
sediment transport patterns and the morphological
evolution. The effects of the atmospheric influences
on the hydrodynamics and on the sediment transport
were not accounted for here. The simulations were
executed for a full neap-spring cycle, i.e., from March
2nd, 2003 06h30 to March 17th, 2003 OOhOO, without
and, for one simulation, with taking into account the

influence of waves.

The sediment transport over the spring-neap cycle
for the oldest bathymetry Jul-1991 is shown in Figure

10. One can observe that the sediment transports on
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both sides of the bank are in opposite direction. On
the gentle western side of the bank, the sand
transport is to the northeast, while on the steep
eastern side the sand transport is in the ebb
direction, towards the southwest. Atthe eastern side,
the transport directions on the top of the bank are
veering to an almost perpendicular orientation with
regard to the banks crest. This is in agreement with
Caston and Stride (1970), which showed that the
sediment transport directions on both sides of a tidal
sand bank are opposite, caused by an amplification
of the currents over each sand bank. The sediment
transport clearly is the highest on the top of the sand
bank, while the transports in the swales along the

bank are much smaller.

.39
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Figure 10: Calculated sediment transport vectors for
a full spring-neap tidal cycle, using the Jul-1991
bathymetry. One vector is shown for each calculated

four vectors.

As shown in Van den Eynde et al (2009), these
results are in agreement with observations of
sediment transport patterns on the Kwinte Bank.
Roche et al. (2004) showed similar patterns in
sediment transport pathways, derived on the basis of
the observed dune asymmetries. Lanckneus et al.
(1994; 2001) showed that these dune asymmetries
can be used to derive sediment transport directions.
Bellec et al. (2009) and Van Lancker et al. (2009a)
reported similar sediment transport patterns. Also
other numerical studies showed similar sediment

transport patterns (e.g., Briére et al., 2009).

The erosion and sedimentation patterns, correlating
with the calculated sediment transport, are shown in
Figure 11. The figure shows that in calm weather
conditions, i.e., without taking into account the

atmospheric conditions and the waves, the sediment
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transport tends to make the sand bank shallower.
This is in agreement with results obtained in the
framework ofthe RESECUSED project (De Moor and
Lanckneus, 1993), where it is shown that in quiet
weather conditions, the upslope movement of sand
under the influence of near-bed currents cause an up
piling of sand, while in storm conditions, the down
slope dispersion of sand results in a top volume

decrease.

2.54 266 278 j 5 km
t I I

Figure 11: Evolution of the bottom (in m), calculated
by the sediment transport model MU-SEDIM, for the
Jul-1991 bathymetry over a full spring-neap tidal

cycle.

4.3. Influence of the bathymetrical
changes on the erosion/sedimentation

patterns

To investigate the overall influence of the changes in
the bathymetry of the Kwinte Bank on the erosion
and sedimentation, the total amount of modelled
eroded and deposited material for the top of the
Kwinte Bank was calculated for the different
bathymetries. In Figure 12, the evolution is shown of
the erosion and deposition, extrapolated from the
modelled period of 14 days to a full year. The
deposition is almost constant at around 100 000 m3
per year. The modelled erosion decreases from -457
000 m3 for bathymetry Jul-1991 to -387 000 m3 for
bathymetry Jun-1998. This results in a
deposition/erosion balance, decreasing from -344
000 m3in 1991 to -269 000 m3in 1998. One has to
recall that when calculating sediment transport, using
total load sediment transport formulae, still large
uncertainties exist. Soulsby (1997) mentions that, in
the sea, the total sediment transport formulae give
predictions within a factor of 5 in 70 % of the (non-

calibrated) cases. The exact values of the eroded
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volume therefore have to be considered with the
necessary precautions. However, the fact that the
modelled erosion has the same order of magnitude
as the difference between the calculated volumetric
decrease of the top of the sandbank (1 360 000 m3
per year) and the estimated extracted volume (900
000 m3 per year), which is 460 000 m3 per year, is

giving some confidence in the model results.

-200000
-300000
-400000

-5000004—
191 1992 1993 1994 1995 1996 1997 1998 1999

Figure 12: The evolution of the erosion/deposition of

the Kwinte Bank area for the different bathymetries.

Further, one additional simulation was executed,
taking into account the wave effects. For the same
period, the significant wave height was calculated,
using the MU-WAVE model. As Giardino et al. (2009)
showed, waves can have important effects on the
sediment transport, as well on the magnitude of the
sediment transport as on the direction of the
sediment transport. In this case, the bottom stress
was calculated taking into account the combined
effect of currents and waves, and the total load
formulae of Ackers and White was adapted, using the
modifications, proposed by Swart (1976; 1977, in:
Sleath, 1984), to take the wave effects into account.
In this case, a higher total erosion of the top of the
Kwinte Bank was calculated of 527 000 m3 per year.
This value is even closer to the natural erosion,
calculated from the volumetric analysis of Norro et al.
(2006) and Norro and Ozer (2006). Here again,
however, one must use these results with the
necessary precautions. It is clear that the sediment
transport is highly variable and that the waves can
have important effects. It is therefore difficult to
extrapolate the results for a period of 14 days to a

yearly value.

When comparing the number of grid points where
erosion occurs and the number of grid points where

accretion occurs, one observes that almost 3.5 times
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more grid cells are found where erosion occurs, than

grid cells with accretion.

Finally, one could observe that the erosion seems to
decrease over the years (Figure 12). However, taking
into account the uncertainties in the model results
and the restricted number of results, this trend is not
significant, and no conclusive statements can be
made on the evolution of the erosion of the sand
bank, due to the extraction of the sand on the Kwinte

Bank.

5. Conclusions

The goal of the present paper is to get an indication
of the influence of the changing bathymetry, due to
extraction of sand and gravel, on the stability of the
sand bank. Norro et al. (2006) and Norro and Ozer
(2006) showed by an analysis of the bathymetric
profiles over 21 cross-sections of the Kwinte Bank
over a period 1991 to 1999, that a decline in the
volume of the bank is clearly highlighted, with a
maximum around the transects where the sand
extraction operations are concentrated. They found
an average decline of approximately 1.5 % per year,
which indicated a decrease of 1.36 million m3 per
year of the volume of the bank above the reference
depth of 15 m below MLLWS. Further Norro et al.
(2003, 2009) studied the decline of the volume of the
reconstructed three-dimensional bathymetries, where
a similar decline of the top of the sand bank was
found. On the other hand, the amount of sand
extracted in the area of interested in the same period
was estimated by Norro and Ozer (2006) at about 0.9
million m3 per year. These values are in the same
order of magnitude, with the amount of extracted
sand being smaller. Therefore, they concluded that
the sand extraction indeed has an impact on the
volume of the Kwinte Bank and that the fact that the
estimated impact is greater than the estimated
workload seems to indicate that the dynamic balance

of the bank even might be perturbated.

In the present paper, the sediment transport and the
erosion and sedimentation on the Kwinte Bank were
calculated with a numerical model, using the series of
bathymetries, which were reconstructed from the
bathymetric profiles. The calculations show a
clockwise sediment transport, with sediment
transport towards the northeast on the steep western

side of the sand bank and to the southwest on its

Paper 4



European Marine Sand and Gravel Group — a wave of opportunities for the marine aggregates industry

gently sloping eastern side. This pattern is in general
agreement with the observations (e.g., Van Lancker
et al., 2009a).

From the simulations with a sediment transport
model, one can conclude that the difference between
the observed volumetric decline of the top of the
Kwinte Bank and the estimated sand extraction,
probably can be addressed to natural erosion of the
sand bank. Indeed, the numerical model shows a
natural erosion of the sand bank of the same order of
magnitude, certainly when the influence of waves are
taken into account. This natural erosion of the sand
banks in the Belgian coastal waters was also put
forward by De Moor (2002). In that paper, De Moor
mentions that all Flemish Banks are subject to
erosion during the period 1985 — 1995. On the
Kwinte Bank the erosion is the largest: near the kink
in the Kwinte Bank (near the Central Depression)
values are measured of 12 cm/year to 25 cm/year.
Also over the rest of the Kwinte Bank values are
found around 6 cm/year. On the Buitenratel Bank
(Figure 1), erosion was measured of 2 cm/year to 8
cmiyear. On the Middelkerke Bank, the erosion
seems smaller, but also there, at some places,

erosion is measured of 7 cm/year.

This natural erosion in also agreement with the
results of Degrendele et al. (2009), who showed that,
at least in the short-term, after the cessation of the
extraction in the Central Depression, still some small
erosion occurred in the Central Depression of about
12 cm during the period March 2003 to June 2005.
They showed that this erosion was correlated with
similar erosion, observed in a reference area on the
nearby Middelkerke Bank (Figure 1), a bank which
was not subject to marine aggregates extraction.
Also other information showed that the Central
Depression was still subject to erosion (Van Lancker
2009a),
indications that on a longer period, regeneration
could be possible (Van Lancker ef al., 2009a).

et al, although there are also some

The evolution of the natural erosion, as calculated by
the numerical model for the different bathymetries,
doesn’t show a clear trend. This indicates that the
extraction of the sand, although obviously having an
impact on the volume of the sand bank, doesn’t
significantly influences the sediment transport
patterns and the natural erosion of the sand bank as

such.
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The fact that sand bank is subject to natural erosion,
as shown by the numerical simulations and the
observations, implies that the sand bank can not
recover from the volume decline, caused by the sand
extraction. This raises the question of the
sustainability with regard to the extraction of marine
aggregates. In Wellmer and Becker-Platen (2002),
guidelines on sustainable exploitation of renewable
resources were described, which state that ‘the rate
of consumption should not exceed the rate at which
they are regenerated’ (Van Lancker et al, 2009a).
Since the measurements and the numerical model
results indicate that the extraction is having important
effects on the sand bank, which already is subject to
natural erosion, more monitoring and research could
be necessary. It suggests that the authority should
define maximum exploitable quota preventing any

irreversible damage.
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Table 1: Dates and names of the campaigns and bathymetries, together with the volume of the top of the bank,

calculated from the three-dimensional reconstruction of the bank.

Name of bathymetry Date of campaign Volume of bank
Jul-1991 02 07 1991 91907108
Jul-1993 16 07 1993 89928058
Oct-1993 27 10 1993 88559472
Jun-1995 06 06 1995 83413305
Oct-1005 04 10 1995 87486111
Sep-1996 25 09 1996 96105147
Oct-1996 18 10 1996 83692511
Dec-1996 17 12 1996 87682364
Apr-1997 09 04 1997 80897573
Sep-1997 08 09 1997 85560320
Nov-1997 03 11 1997 83901295
Feb-1998 02 02 1998 85005069
Jun-1998 03 06 1998 81947029
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